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Design of imaging system of cloud and aerosol polarization
imager with high signal-to—noise ratio
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(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: To capture the space —borne remote sensing aerosol data with high signal —to —noise ratio
(SNR), according to the chain of the imaging system, the main factors on the SNR of spectrometer
were presented. Combined with the imaging system response model and the expression of SNR, a
modular design method for high SNR of spectrometer imaging circuit system was proposed for visible
detectors and infrared detectors. From the overall design to the module design of Cloud and Aerosol
Polarization Imager (CAPI) imaging circuit development plan was described. The radiation calibration
experimental results indicate that the minimum SNR of visible channel image under typical radiance
conditions is 50.9 dB, the minimum SNR of infrared channel image under typical radiance conditions is
62.3 dB. The design method of visible detectors and infrared detectors provides references for other
spectrometer imaging circuit system in remote sensing fields.
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Fig.1 Sketch map of imaging circuit system
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1 KLI12113 2.1.3
Tab.1 Main parameters of CCD KLI-2113 3DG111 , CCD
Parameter Value R
Pixels 2 098x3
’ ’ l/f o
Saturation output voltage/V 2.0
Dynamic range/dB 76 2.1.4
Saturation signal charge 170 000 Philips
Charge transfer efficiency 0.999 99 OM7560,
Dark current 0.02 pA/pixel
Output sensitivity 11.5 pV/e
3
2.1.1 3 OM7560
FPGA CCD .
Tab.3 Main parameters of OM7560
Parameter Value
b
, Resolution/bit 12
o Sample rate/MHz 30
CCD KLI-2113 SNV54ACT245 Input voltage/V 0-2
, CCD KLI-2113
Input impedance/kQ) 63
212 Input capacitance/pF 1
2, PGA gain/dB 0-36
CCD :A+15 V A+
55V D+55V, ’
) PCB
2 KLI2113 ’ °
Tab.2 Typical bias voltage requirements ’
of KLI2113 ;
Symbol Parameter Value/V ’
A Reset drain bias +12.0 s
Voo Output buffer supply +12.0
Vis Light shield/Drain bias +12.0
Vig Test pin—input gate/LOG +12.0 ’
Vib Test pin—input diode +12.0
o
MSK5232,
A O FPGA , .
A+15V MSK5232 A_+,gv N N
W Vo ili
TR out N , Xilinx XQRV300 ,
22 uF/25V 0.22uF GND [22uF/25 .
el e I Logwr XQR17V16 PROM :
22 pF/25 V] 0.22 uF 22 uF/25 V] 0.22 uF
Q = CCD )
4 k]
Fig.4 Circuit design of bias power o
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2.2 o AD8138
CAPI N , 5 ° R=
N N N N R:=357Q,R,=R,=51 Q) ,R=R=511 Q,C,=0.1 pF,
° R.
’ A+5V

InGaAs

| 7
4 InGaAs LAGND AGND

Tab.4 Main parameters of InGaAs detector

4 ADS8I138
’

. R e "
1 2 O t
DET p 9 FIN +OUT 6 ut_n
Out
XLIN gl 21N _ouT3 &
= 3 lvoem - Neiol0 2
’ = feroom .

R,

Parameter

Value 5

Pixels

Dark current

2 048x1 Fig.5 Application circuit design of operational amplifier

0.5 pA@298 K

Gain settings/fF 5-830 224
Dynamic range 75:1 to 2 800:1 InGaAs ’
Spectral band/pum 0.9-1.7 ’ T A/D THS1206
Outputs 5 . THS1206 N N
Quantum efficiency 0.8 FIFO A/D °
2.2.1 i .
THS1206 16 FIFO,
i FPGA ,
, FPGA .
1I/0 , THS1206
. THS1206 So
° 5 THS1206
2.2.2
Tab.5 Main parameters of THS1206
. A+5.5V  D+55 V, | Parameter Value
Resolution/bit 12
Signal—to—noise 63 dB at 2 MHz
553 Differential nonlinearity error +1 LSB
Integral nonlinearity error +1.5 LSB
Analog inputs 4
’ Power/mW 291 (Max)
D ’ Analog input voltage/V 0.5-4.5
, 2 ,
, 2V, A/D THS1206
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6
Tab.6 Required SNR and actual SNR
. Radiance when SNR test Typical radiance
Number Channel Required SNR Actual SNR /(W -m=2- um- - sr7) /(W -m=2- ume - sr7)
1 380 nm channel 260 442 3.38 28.0
2 670 nm polarization angle 0° 160 419 13.88 22.0
3 670 nm polarization angle 60° 160 354 9.4 22.0
4 670 nm polarization angle 120° 160 415 6.88 22.0
5 870 nm channel 400 411 12.5 25.0
6 1 375 nm channel 180 1 686 6.0 6.0
7 1 640 nm polarization angle 0° 110 1 317 7.3 7.3
3 1 640 nm polarization angle 60° 110 1 442 7.3 7.3
9 1 640 nm polarization angle 120° 110 1403 7.3 7.3
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